Introduction
Since the introduction of the retropubic urethral suspension in 1910 [1], over 100 different surgical techniques for the treatment of genuine stress urinary incontinence have been described. Many have been modifications of original procedures in an attempt to improve clinical outcome, shonen operative time, or reduce surgical morbidity. Despite the number of surgical procedures developed each year, the Burch colposuspension and pubovaginal sling operations have remained the mainstay of surgical correction for genuine stress urinary incontinence because of their high longterm cure rates. However, these procedures do not address the concurrent anterior vaginal wall prolapse that is often associated with genuine stress urinary incontinence secondary to urethral hypermobility. We present a laparoscopic approach to anterior vaginal wall reconstruction that utilizes the paravaginal repair and Burch colposuspension for treatment of cystocele and stress urinary incontinence, respectively, caused by lateral vaginal wall suppon defects.
Emphasizing the principles of minimally invasive surgery, the laparoscopic approach has been successfully adopted in many procedures that previously relied on an abdominal or transvaginal route. First described in 1991, the laparoscopic retropubic colposuspension has continued to gain popularity because of its many reported advantages [2] , including improved visualization, shorter duration of hospital stay, faster recovery, and decreased blood loss. 
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This present review concentrates primarily on new developments and data, found in the English language medically indexed literature, for the endoscopic management of urinary incontinence, ureteric, and bladder injuries. We also emphasize laparoscopic management of bladder and anterior vaginal wall prolapse.
An1:erior vaginal wall prolapse and urethral hypermobility
The pubocervical fascia, which constitutes the supportive structure of the anterior vaginal wall, is attached to the arcus tendineus fascia pelvis. The arcus tendineus fascia pelvis (also termed 'the white line') is a condensation of intervening connective tissue overlying the obturator internus muscle {Fig. 1). Loss of the lateral vaginal attachment to the pelvic sidewalk is called a paravaginal defect, and usually results in a cystourethro- cele, uretheral hypermobility, and often stress urinary incontinence (Fig. 2) [3] . The surgical repair of paravaginal fascial defects for anterior vaginal wall prolapse and associated symptoms has traditionally been performed using an open retropubic or a vaginal retropubic incision [4] . The laparoscopic technique parallels our open technique, and has previously been described [5] .
Surgical technique
Laparoscopic techniques have several advantages over more invasive techniques, including improved visualization, shorter duration of hospital stay, faster recovery, and decreased blood loss. The specific details of these procedures are discussed here.
Port size and placement are illustrated.
Laparoscopic paravaginal repair
We routinely perform open laparoscopy at the inferior margin of the umbilicus. A 10-mm access port is used at this site to introduce the laparoscope. The abdomen is insufflated with carbon dioxide to 15 mmHg intraabdominal pressure. Three additional ports are placed under direct vision (Fig. 3) . Choice of the individual port size depends on any concomitant surgery planned for each patient.
approach using a harmonic scalpel. The incision is made approximately 3 cm above the bladder reflection, beginning along the medial border of the right obliterated umbilical ligament. Immediate identification of loose areolar tissue at the point of incision confirms a proper plane of dissection.
After the space of Retzius has been entered and the pubic ramus visualized, the bladder is drained in order to prevent injury. Separating the loose areolar and fatty layers using blunt dissection develops the retropubic
The bladder is filled in a retrograde manner with 200-300 ml normal saline, allowing identification of the superior border of the bladder edge. Entrance into the space of Retzius is accomplished by a transperitoneal fascia. The needle is then passed through the ipsilateral obturator internus muscle and fascia around the arcus tendineus fascia at its origin 1-2 cm distal to the ischial spine. The suture is secured using an extracorporeal knot-tying technique. Good tissue approximation is accomplished without a suture bridge. Sutures are placed sequentially along the paravaginal defects from the ischial spine toward the urethrovesical junction. Usually, a series of three to four sutures are placed betWeen the ischial spine and a point 1-2 cm proximal to the urethrovesical junction. The laparoscopic colposuspension is performed distal to the urethrovesical junction. The surgical procedure is repeated on the patient's opposite side if bilateral defects are present (Fig. 4) . On completion of the bilateral paravaginal repair, the Burch colposuspension is performed (Fig. 5) . By performing the paravaginal defect repair first, normal anatomic support of the anterior vaginal segment is recreated, reducing the chance of over-elevation of the paraurethral Burch sutures and subsequent voiding dysfunction. If the patient has only a cystourethrocele and no evidence of stress urinary incontinence, four to five sutures are placed bilaterally to correct the paravaginal defects. These sutures are placed from the ischial spine to the mid-urethra.
space. Blunt dissection is continued until the retropubic anatomy is visualized. The pubic symphysis and bladder neck are identified in the midline and the obturator neurovascular bundle, Cooper's ligament and the arcus tendineus fascia pelvis are visualized bilaterally along the pelvic sidewall (Fig. 1) . The anterior.vaginal wall and its point of lateral attachment from its origin at the pubic symphysis to its insertion at the ischial spine are identified. If paravaginal wall defects are present, then the lateral margins of the pubocervical fascia will be detached from the pelvic sidewall at the arcus tendineus fascia pelvis. The lateral margins of the detached pubocervical fascia and the broken edge of the white line can usually be clearly visualized, confirming the paravaginal defect. Unilateral or bilateral defects may be present (Fig. 2) .
We recommend completion of the laparoscopic paravaginal repair before the colposuspension. After identification of the defect, the combined repair is begun by inserting the surgeon's nondominant hand into the vagina to elevate the anterior vaginal wall and the pubocervical fascia to their normal attachment along the arcus tendineus fascia pelvis. A 2-0 nonabsorbable sutUre with attached needle are introduced through the 12-mm port, and the needle is grasped using a laparoscopic needle driver.
Laparoscopic Burch colposuspension
This laparoscopic technique parallels our open technique, and has previously been described [6] . The
The first suture is placed near the apex of the vagina through the paravesical portion of the pubocervical Nonabsorbable suture is used to reapproximate the pubocervical fascia (i.e. anterior vaginal wall) back to its original point of lateral attachment, known as the arcus tendineus fascia pelvis (i.e. white line). surgery higher objective short-term cure rate than one doublebite suture on each side. This lack of standardization is also noted with the conventional open (laparotomy) technique.
laparoscopic Burch colposuspension is performed using nonabsorbable No. 0 sutures; we routinely uSe: polytrifluroethyene. The surgeon's nondominant hand is placed in the vagina and a finger is used to elevate the vagina. The endopelvic fascia on both sides of the bladder neck and mid-urethra is exposed using an endoscopic Kirner. The first suture is placed 2-cm lateral to the urethra at the level of the mid-urethra. A figure-of-eight bite, incorporating the entire thickness of the anterior vaginal wall excluding the epithelium, is taken, and the suture is then passed through the ipsilateral Cooper's ligament.
Because of this lack of standardization and the steep learning curve that is associated with laparoscopic suturing, surgeons have attempted to develop faster and easier ways of performing a laparoscopic Burch colposuspension. These modifications have included the use of stapling devices [10] , bone anchors [11] , synthetic mesh [12, 13] , and fibrin glue [14] . However, we believe that the laparoscopic approach should be identical to the open technique, utilizing conventional sutures, in order to allow comparative studies.
With an assistant's fingers in the vagina to elevate the anterior vaginal wall toward Cooper's ligament, the suture is tied down with a series of extracorporeal knots using an endoscopic knot pusher. An additional suture is then placed in a similar manner at the level of the urethrovesical junction, approximately 2 cm lateral to the bladder edge on the same side. The procedure is repeated on the opposite side. Excessive tension on the vaginal wall should be avoided when tying down the sutures; we routinely leave a suture bridge of approximately of 2-3 cm (Fig. 5 ).
There are several reported laparoscopic Burch colposuspension case series that have used conventional surgical technique and suture materials. Published cure rates range from 69 to 100%, with the majority of the studies reporting cure rates greater than 80% [15-25, On completion of the paravaginal repair and Burch urethropexy, the intra-abdominal pressure is reduced to 10-12 mmHg, and the retropubic space is inspected for hemostasis. Cystoscopy is performed to rule out urinary tract injury. The patient is giyen 5 ml of indigo carmine and 10 ml furosemide intravenously, and a 700 cystoscope is used to visualize the bladder lumen, to assess for unintentional stitch penetration, and to confirm bilateral ureteral patency. After cystoscopy, attention is returned to laparoscopy. We recommend routine closure of the anterior pertioneal defect using an absorbable purse string suture. All ancillary trocar sheaths are removed under direct vision in order to ensure hemostasis and exclude iatrogenic bowel herniation. Excess gas is expelled, and fascial defects of 10 mm or more are closed using delayed absorbable suture. Postoperative bladder drainage and voiding trials are accomplished using either a transurethral catheter, suprapubic tube, or intermittent self-catheterization.
Although there have been no studies regarding the long-term results of the laparoscopic paravaginal plus Burch procedure, logic should dictate a higher cure rate for the paravaginal plus Burch (eight to 12 sutures) than for the Burch colposuspension (four sutures) alone for the treatment of stress urinary incontinence. The paravaginal plus Burch technique utilizes more sutures, which should result in a greater distribution of the force to the pelvic floor, thus decreasing the amount of tension placed on the four Burch sutures alone. Furthermore, performing a Burch urethropexy for urinary incontinence and neglecting to repair the paravaginal defect predisposes the patient to further anterior vaginal wall prolapse. Placement of the four Burch sutures should elevate and stabilize the paraurethral tissue, but should have minimal impact on the more proximal paravaginal defects {Fig. 6). Neglecting the repair of the more proximal or apical paravaginal defect could ultimately result in a symptomatic cystocele (Figs 7 and 8) . We believe that, in such a case, the next surgeon to manage the patient will find great difficulty in entering the space of Retzius and attempting to repair the paravaginal defect, due to the severe scarring promoted by the previous Burch urethropexy.
Clinical results
Since Vancaillie and Schuessler [2] reported the first laparoscopic colposuspension case series in 1991, many other investigators have reported their experience. Comprehensive reviews of the literature reveal a lack of uniformity in surgical technique and surgical materials used for colposuspension [788, 888] . Persson and WolnerHanssen [98] attempted to standardize the laparoscopic Burch urethropexy by comparing one or two sutures on each side of the urethra. Those investigators concluded that two single-bite sutures resulted in a significantly Burch urethropexy elevates and stabilizes the urethra, but does not address the proximal cystocele.
Burch urethropexy without addressing proximal paravaginal defects. Persistent paravaginal defects manifest themselves in the form of a cystocele. The diagram illustrates the paravaginal defect where the vagina does not meet the sidewall muscles.
patient-oriented outcomes, such as relief of symptoms and functional status. Meyers et at. [37] assessed patientoriented outcomes after laparoscopic Burch urethropexy at 6 months and at 3-4 years. Although only 13 out of 22 women completed the study, those investigators concluded that there was a significant improvement in patient-oriented outcomes, including complaints of incontinence and functional status. 
Lower urinary tract injuries
The true frequency of surgically induced trauma of the urinary tract (ureter, bladder) in both traditional and laparoscopic surgery is unknown. There is potential for lower urinary tract injuries during gynecologic surgery because of the anatomic proximity of the reproductive and lower urinary tracts. Almost every major gynecologic operation has been reported to lead to a lower urinary tract injury [38] . The incidence of lower urinary tract injury is reported to be approximately 1 % in major traditional gynecologic procedures [39] ; however, the actual frequency is probably greater, because injuries are generally under-reported and iatrogenic ureteric impairment may remain silent [40] . The overall frequency of injury to the lower urinary tract in open or vaginal reconstructive surgery for urinary incontinence and pelvic organ prolapse is often quoted to be approximately 4% [41, 42] 
References and recommended reading
A review of the literature revealed three reports of laparoscopic end-to-end anastamosis of the ureter published during the early 1990s [45] [46] [47] . Since these initial reports, little has been mentioned in the literature on the laparoscopic management of ureteral injuries until the year 2000. Tulikangas et al.
[488] injured the ureter during resection of an ovarian remnant, and the ureter was subsequently repaired by primary end-to-end anastamosis laparoscopically. The diagnosis was made intraoperatively after the patient had been given intravenous indigo carmine dye. The dye freely spilled from the proximal ureteral segment. The proximal and distal ends of the injured ureter were identified and spatulated using laparoscopic microscissors. The cut ends were reapproximated over a double J-stent using 4-0 delayed absorbable suture.
Evidence suggests that the frequency of lower urinary tract complications appears to be on the rise as a result of greater numbers of increasingly complex operative laparoscopic procedures being performed [49, 50] . Laparoscopic repair of certain lower urinary tract injuries is feasible for surgeons who are skilled in laparoscopic suturing. This approach to injury repair offers many possible benefits to the patient, including lower rates of wound infection and incisional hernia, and decreased postoperative pain.
Conclusion
The literature continues to support laparoscopy as a mode of access in which urinary incontinence, anterior vaginal wall prolapse, and lower urinary tract injuries may be managed. However, as with all types of surgery, Papers of particular interest, published within the annual period of review, have been highlighted as:
.of special interest ..of outstanding interest
